I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Currently, the only known curative treatment option for cholangiocarcinomas is complete removal of the tumor tissue with clear margins. However, surgery is not possible in the majority of patients as they present locally advanced disease and peritonitis carcinomatosis. Of all the patients who are found to be operable based on preoperative investigations, only 27%--32.8% could be taken into curative surgery. Therefore, more aggressive surgery options, including liver transplantation, gained interest as alternatives to the conventional methods.\[[@ref1]\] As part of these studies, ex situ liver surgery and autotransplantation are now considered as promising approaches in cases that cannot be treated by conventional methods and particularly in the presence of centrally localized liver tumors as well as for tumors that invaded the main vascular structures. In the present study, we aimed to report the outcomes of our surgical treatment approaches in two cases of cholangiocarcinoma that invaded the inferior vena cava.

C[ASE]{.smallcaps} R[EPORTS]{.smallcaps} {#sec1-2}
========================================

Case 1 {#sec2-1}
------

A 53-year-old female patient was referred to the hospital with complaints of abdominal pain and nausea. The patient described that her abdominal pain gradually became more severe, and she lost almost 20 kg over the last 3 months. A palpable mass was detected at abdominal midline during physical examination of the patient. The patient\'s medical and family history did not include any specific characteristic and her blood pressure was 100/50 mmHg and her pulse was 80 (min) at presentation. Laboratory analysis showed an increased level of carbohydrate antigen (CA) 19-9: 1500 U/ml, and there was no other pathology. Hepatitis serology was negative. Abdominal ultrasonography showed a tumoral mass of approximately 20 cm × 15 cm that almost filled the left lobe of the liver. Abdominal tomography confirmed the presence of a tumoral mass lesion that filled in the left lobe and invaded the middle and left hepatic veins and the inferior vena cava \[[Figure 1a](#F1){ref-type="fig"}\]. Endoscopic examinations did not reveal any other pathology, and a diagnosis of cholangiocarcinoma was made based on preoperative investigations of the patient, and the biopsy sample obtained from the liver mass. Positron emission tomography-computed tomography (PET/CT), which was performed to scan for distant organ metastases, did not show any other disease site. Therefore, a treatment decision was made to proceed with surgery.

![(a) Abdominal tomography that shows a tumoral mass, measuring approximately 20 cm × 15 cm, which almost fills in the left liver lobe and invades the middle and left hepatic veins and the inferior vena cava. (b) Reconstruction of the inferior vena cava by a synthetic graft and appearance after insertion of a portocaval shunt. (c) *Ex situ* transection of the liver parenchyma by Cavitron Ultrasonic Surgical Aspirator. (d) The appearance of the remnant liver after resection of segments 1, 2, 3, 4, 5, and 8. (e) The appearance of the remnant liver after implantation. (f) Postoperative day 5 follow-up liver tomography of the first case](NJS-25-97-g001){#F1}

Case 2 {#sec2-2}
------

A 68 year-old male patient referred with abdominal pain and weight loss. He had lost 15 kg over the last 3 months. His medical history did not include any pathology except for a smoking history of 45 pack-years. Laboratory results were as follows: aspartate aminotransferase 40 U/L, alanine aminotransferase 45 U/L, creatinine 0.7 mg/dl, CA 19-9 400 U/ml, and alpha-fetoprotein (AFP) 2000 U/ml. Hepatitis B serology was positive. Abdominal tomography of the patient showed a 12 mm × 5 mm mass that filled the central part of the liver and invaded the middle and left hepatic veins and the inferior vena cava. Biopsy findings were interpreted as combined hepatocellular-cholangiocellular carcinoma. PET/CT did not indicate any other disease site. The patient\'s AFP levels continued to increase despite transcatheter arterial chemoembolization and radiofrequency ablation therapy. Cell-targeted chemotherapy was initiated with sorafenib but could not be continued due to side effects. The patient\'s liver enzyme levels were normal during follow-up, and he underwent indocyanine green clearance test (ICG15) for surgery. The result was 8.5% (normal value, \<10%). Thus, a decision was made to take the patient into surgery as there was no live donor.

Surgical technique and survival {#sec2-3}
-------------------------------

As peritoneal deposits were not detected during abdominal extrapolation, the hepatoduodenal ligament was dissected, and the choledoc, main portal vein, and main hepatic vein were hanged \[[Figure 2a](#F2){ref-type="fig"}\]. The intracaval ligaments were connected after the left and right lobes of the liver were released. After the gastroduodenal artery was connected and cut, the hepatic artery was transected from the point of connection. The choledoc was transected just above the cystic duct intersection. After the main portal vein was transected, suprarenal and suprahepatic vena cava were clamped, and the liver was taken out from the abdomen. Outside the abdomen, in a preprepared flash ice bath, the liver was perfused from the portal vein by 5% ringer lactate solution containing 2% albumin in the first case and by histidine-tryptophan-ketoglutarate solution in the second case until a clean solution came out from the hepatic vein. The inferior vena cava was reconstructed using a synthetic graft, and then, a temporary portocaval shunt was placed \[Figures [1b](#F1){ref-type="fig"} and [2b](#F2){ref-type="fig"}\]. Both patients were hemodynamically stable during the procedures. Liver parenchyma was transected using Cavitron Ultrasonic Surgical Aspirator (Sonoca 300; Söring GmbH, Quickborn, Germany) \[Figures [1c](#F1){ref-type="fig"} and [2c](#F2){ref-type="fig"}\]. Liver segments 1, 2, 3, 4, 5, and 8 were resected in the first case, while segments 4a, 8, and partially segment 5 were resected in the second case \[Figures [1d](#F1){ref-type="fig"} and [2d](#F2){ref-type="fig"}\]. After the remnant liver was transferred to the site, the portocaval shunt was canceled by total clamping. Vena cava was anastomized by 5/0 prolene, the port was anastomized by 6/0 prolene, and the hepatic artery was anastomized by 7/0 prolene. The bile ducts were closed by 4/0 absorbable sutures \[Figures [1e](#F1){ref-type="fig"} and [2e](#F2){ref-type="fig"}\]. Instant hepatic phases were recorded as 65 and 57 min in the first and second cases, respectively. Intraoperative Doppler ultrasonography was used to monitor the openness of vascular structures. There was no major surgical complication in the first case, and the patient was discharged on the 7^th^ postoperative day \[[Figure 1f](#F1){ref-type="fig"}\]. The second case developed adult respiratory failure on the 2^nd^ postoperative day, and the patient died on the 4^th^ postoperative day with functional liver \[[Figure 2f](#F2){ref-type="fig"}\].

![(a) The appearance of the second case ready for the explanation after hepatoduodenal ligament dissection. (b) Reconstruction of the inferior vena cava and appearance of the portocaval shunt in the second case. (c) The appearance of the malignant mass after explantation. (d) *Ex situ* transection of segments 4, 8, and 5 by Cavitron Ultrasonic Surgical Aspirator. (e) The appearance of the remnant liver after implantation in the second case. (f) The liver functional tests of second case after surgery](NJS-25-97-g002){#F2}

D[ISCUSSION]{.smallcaps} {#sec1-3}
========================

Ex situ liver surgery and partial autotransplantation (EPOT) were first defined in 1988 by Pichlmayr.\[[@ref2]\] Hannoun and Sauvanet are among the researchers, who spent efforts to improve the *ex situ* technique.\[[@ref3]\] While the technique rapidly gained acceptance, it did not turn into a commonly performed procedure due to the difficulties in implementation. The aim of EPOT technique is to increase the number of patients eligible for Ro surgery by decreasing the risk of intraoperative bleeding and liver ischemia-reperfusion damage as well as to reduce the need for liver transplantation in specific patient groups. The most important step of this technique, which allows complex vascular and biliary reconstruction in a blood-free field, is a preoperative assessment. During preoperative planning, computerized tomography is particularly effective in calculating the remnant liver volume and demonstrating the vascular anatomy in detail.\[[@ref4]\] There are two important points to consider in EPOT technique. The first point is to ensure the patient is hemodynamically stable during the entire operation, and the second point is to protect the liver from ischemia-reperfusion damage. Majority of the researchers recommend venovenous bypass for hemodynamic stabilization, which can ensure minimal venous hypertension and prevent intestinal edema through decompression of the splenic area while maintaining a hemodynamic stability. However, venovenous bypass itself is associated with potential complications, such as air embolism, thrombotic events, and capillary leakage syndrome, secondary to mechanical damage which may lead to serious electrolyte and acid--base imbalances. To avoid the serious complications of the venovenous bypass, Wen recommended the use of a temporary portocaval shunt.\[[@ref5]\] Zhang *et al.* previously described three cases of *ex situ* resection and autotransplantation with the use of portocaval shunt and underlined the safety of this technique.\[[@ref6]\] Another important point to consider in EPOT is liver ischemia-reperfusion damage. The liver is more sensitive to warm than cold ischemia. Hannoun *et al.* demonstrated that liver resection could be performed using cold fluids in a blood-free field without causing serious liver damage.\[[@ref7]\] There are two solutions which are frequently used for cold perfusion of the liver as follows: histidine-tryptophan-ketoglutarate solution and University of Wisconsin preservation solution. The histidine-tryptophan-ketoglutarate solution is more frequently preferred in *ex situ* cases as it is associated with fewer cardiovascular side effects compared to the other solution. Implantation of the remnant liver after resection is performed based on the same principles with liver transplantation from a live donor. Total vascular exclusion is a surgical method alternative to EPOT and preferred for surgical treatment of complex liver tumors that cannot be extracted by the conventional surgical techniques. Total vascular exclusion may potentially bring about blood congestion in the portal vein and the inferior vena cava.\[[@ref8]\] When congested blood enters into systemic circulation, postoperative mortality rates may seriously increase up to 75% due to aggravated liver ischemia-reperfusion damage. The most important complication of total vascular exclusion is that it exposes the liver to warm ischemia. Previous experiences indicate that the liver may tolerate warm ischemia for 30--120 min. The time required by the surgeon is known to be longer in cases requiring complex vascular resection and reconstruction.\[[@ref9]\] Ischemia tolerance during EPOT could be prolonged up to 4 h by hypothermic perfusion of the liver using preservation solutions. These procedures that involve complex vascular and reconstructive techniques are associated with higher mortality rates compared to conventional surgeries. Although 41 cases of ex situ resection and autotransplantation were defined between 1992 and 2007, only one of these cases is known to be alive.\[[@ref10]\] In cases presented here, the use of temporary portocaval shunt was preferred instead of venovenous bypass. The portocaval shunt was preferred due to ease of implementation and also to ensure hemodynamic stability. The liver was cold-perfused in flash ice. We preferred this technique in our cases to protect the liver from vena cava injury and to ensure that aggressive surgery can be carried out in a blood-free field. While the first case was discharged without complication, the second case died in the early postoperative period due to acute respiratory distress syndrome. We believe that acute respiratory distress syndrome was a result of the end organ damage caused by liver ischemia-reperfusion damage.

C[ONCLUSION]{.smallcaps} {#sec1-4}
========================

As the survival outcomes of liver transplantation are rather poor in cholangiocarcinomas, after extensive researches, *ex vivo* liver resection and partial liver autotransplantation came to the forefront as alternative surgical treatment options. However, this technique is the only chance for surgical treatment of unresectable primary and secondary liver malignancies. The most important disadvantages of this technique include the risk of cancer recurrence and the high morbidity and mortality rates associated with surgery.
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